The community of elaterid larvae of three sites (field and two fallows), representing different stages of secondary succession, were studied using soil sampling from 1986 to 1993. All three sites were abandoned arable land: a field cultivated until 1991, a fallow I abandoned in 1986, and a fallow II abandoned about 1976. The fallow II was used as a meadow after abandonment and was regularly mown until 1985, when cultivation stopped. Six species of Elateridae larvae were found at all three study sites. In the field, Agriotes obscurus, Athous niger, Athous subsuscus, Dalopius marginatus and Athous vittatus were found, A. niger and A. obscurus being the most abundant species. During cultivation, larval densities were very low, however, larval abundance increased up to 8.8 ± 8.3 ind. m −2 when cultivation stopped. Only small A. obscurus larvae were found during cultivation, whereas larval size increased after abandonment. In fallow I A. obscurus, A. niger, A. subsuscus, D. marginatus, and Agrypnus murinus were found and the average annual abundance fluctuated between 0.8 ± 1.4 to 40.8 ± 10.9 ind. m −2 with A. obscurus being the most abundant species. Fallow II supported the highest densities of wireworms from all plots studied (71.2 ± 35.2 to 280.0 ± 24.8 ind. m −2 ). A. obscurus, A. niger, A. subsuscus and D. marginatus were found in fallow II. The abundance of all larval Elateridae as well as the dominant species A. obscurus decreased during the study period, while simultaneously the occurrence of small sized A. obscurus larvae decreased. The frequency of cultivation and time elapsed since last cultivation appeared to be the most important factors affecting elaterid occurrence in the field and fallow I. In fallow II, the decrease in abundance correlates with the accumulation of a dense litter layer, which may correspond with soil surface structure, plant community changes or predator pressure.
Introduction
Larvae of Elateridae, also known as wireworms, represent important pests in many agricultural crops (Rusek 1972; Lefko 1998; Parker 2000; Rotrekl 2000; Parker & Howard 2001; Parker et al. 2002) . The setting aside and turning of arable land into grassland increases the occurrence of wireworms (Lefko 1998; Parker 2000) . Thus the extensification of plant production, which is applied in many countries with developed agriculture, may increase the occurrence of wireworms and their damage to field crops. In the Czech Republic, the proportion of fallows has increased recently in connection with recent socio-economical changes (Lipský 2000; Míchal 2002) . Many of these sites have now been abandoned for more than 20 years and spontaneous succession has resulted in the development of permanent grassland or woody vegetation. The extensification of plant production, namely in low production areas, affects meadows, which may remain unmown for many years (Mašková et al. 2001) . However, there is little known about the effect of long-term field and meadow abandonment on the community of soil dwelling elaterid larvae.
In addition to these practical implications, the study of changes in communities of organisms is important for a better insight into the functioning of ecological succession. In animal communities and particularly in soil invertebrates, more empirical data on successional community changes are needed for a better understanding of the underlying mechanisms of successional changes. This represents one part of an extensive research project dealing with successional changes of a wide spectrum of soil organisms (Frouz 1997; Tajovský 1999; Pižl 1992) . Preliminary studies indicate that Elateridae belong to the most important families of Coleoptera on these plots (Jedlička & Frouz 1999) .
The main aim of this study was to investigate how does the community of elaterid larvae change after field
Study area and methods
The study area was located in Southern Bohemia near Vodňany town, at Dlouhá Ves village (49 • 06 N, 14 • 07 E, 570 m a.s.l.). The average annual temperature is 7.3 • C, the mean annual rainfall 605 mm. Three types of habitats were studied: field, fallow I and II, representing different stages of secondary succession. All these sites were originally part of one large field which were piece by piece abandoned at different times. The field was cropped with wheat in 1986, potatoes in 1987, barley in 1988, oats, peas and clover in 1989 and clover in 1990 . The terms of autumnal tillage in 1988 were extremely late (25 November). In autumn of 1990, the field was tilled for the last time and then abandoned. The dominant plant species after abandonment were Rumex obtusifolius DC. and Cirsium arvense Scop. In the following years Agropyron repens L. became the most dominant plant species. The fallow I originally formed part of the cultivated field described above and was abandoned in autumn 1985. In the two initial years of succession annual weeds were dominated by Appera spica-venti (L.) Beauv. forming the plant cover. Later, the vegetation was dominated by tall grasses, especially by Calamagrostis epigejos Roth. The amount of litter which accumulated on the soil surface increased from 19 g m −2 in 1986 to 731 g m −2 in 1993 (Frouz 1997) . The fallow II was originally a cultivated field that bordered the previous plot, and was abandoned between 1975 and 1977. It was regularly mown until 1985. Its plant community was dominated by Holcus mollis L., Holcus lanatus L., Agropyron repens and Trifolium repens L. For more detailed information on these plots see Matějka (1990) , Pižl (1992) and Frouz (1994 Frouz ( , 1997 . Data on soil moisture, rainfall and air temperature were taken from Frouz (1994) and data on litter from Frouz (1997) , the data on plant cover from Matějka (1990) and Frouz (1997) (see these references for a more detailed description of methodology). Briefly, moisture data were based on soil sampling (two samples per plot and sampling instance) and gravimetrical determination of moisture. Soil temperature was measured in the morning (8-9 AM) at each site during each sampling occasion. Rainfall data were collected by a meteorological station located about 1 km from the plots. Litter was collected in each plot during autumnal sampling (five samples area 625 cm 2 per plot) dried and weighed. Vegetation cover was estimated by a trained botanist during the summer sampling period.
To study Elateridae larvae, five circular soil samples (625 cm 2 area, 10 cm depth) were taken on each sampling occasion by soil corer. Samples were taken at each site at four times per year (February, May, August and November) from May 1986 to February 1993. Soil samples were transported in the laboratory and extracted in a modified Meyer extractor (Meyer 1980) . The larvae were fixed by 1-2% formaldehyde, hand sorted and stored in 80% ethanol. In total, 1760 elaterid larvae were trapped and processed in this study. All larvae were identified to species level using Rudolph (1974) and Masler (1982) . The length of every specimen (from front tip of head to end tip of urogomph) was measured to an accuracy of 0.5 mm. Head capsule widths, to estimate instar number, were measured to an accuracy of 0.014 mm in a sample of 400 larvae of Agriotes obscurus. To determine larval biomass wet weight, specimens stored in ethanol were used (Gaston et al. 1996) .
For A. obscurus, a sample of 50 larvae covering all available sizes was weighed to an accuracy of ±0.01 mg using a Sartorius laboratory balance. From these measurements a linear regression between body length and mass was employed. The R 2 of regression used for the biomass calculation were ≥ 0.9 and P < 0.05. For the remaining species, every specimen was weighed. Before biomass determination the larvae were quickly dried by touching them with filter paper. The abundance of larvae was expressed as number of individuals per square meter, for calculating the mean, annual values for individual years from May to May periods were used. One way ANOVA was used to compare species abundances and biomass and the biomass of individual larvae among individual sampling years, based on larval abundance or biomass in individual samples. Abundance or biomass data were log(n + 1) transformed to approach normality (Sokal & Rohlf 1981 ) before performing ANOVAs. The Levene statistic was applied before ANOVA to test for homogeneity of variance. If the ANOVA indicated significant differences, LSD post hoc tests were used to test differences between individual treatments. In the text, ANOVA output is presented in the form (ANOVA, df, F , P values for whole ANOVA; LSD P level for post hoc test). To study the relationships of dominant species abundance and fluctuation in environmental parameters, a linear regression was used. PCA was used to visualize the main trends in the community of Elateridae larvae, the main ordination axis were then correlated with environmental data, the computation was performed using CANOCO for Windows 4.0 (Ter Braak & Šmilauer 1998) . Log n + 1 transformed abundance values were used for PCA. Species which were found in only one site, with fewer than 3 individuals, were excluded from the PCA. For all other statistics, SPSS10.0 was used (SPSS 1999) . Numbers after the symbol ± means SD.
Results
Community structure A total of six species of Elateridae larvae: Agriotes obscurus L., 1758, Athous niger L., 1758, Athous subfuscus Müller, 1767, Athous vittatus F., 1792, Dalopius marginatus (L., 1758) and Agrypnus murinus (L., 1758) were recorded in the study plots.
Field. The overall abundance of Elateridae larvae fluctuated from 0 to 22.4 ind. m −2 (Fig. 1A) , with an average 4 ± 4.7 ind. m −2 , which is the lowest value of average abundance on all the study plots. This average value differs significantly from both fallows (ANOVA, df 22, F = 46.84, P < 0.001, LSD test P < 0.05). The abundance of Elateridae larvae was lower in the first five years of observation where the field was regularly tilled. Compared to the period with and without cultivation, significantly (t-test, df 26, t = −2.59, P = 0.015) higher values were found in the two years after field abandonment (Table 1 , Fig. 1A ). When the field was cultivated a higher abundance was usually found in May and August, whereas a zero value was typically recorded in November and February (Fig. 1A ). The only exception was November 1988 when the field was tilled after sampling. After field abandonment, the highest values were recorded in August but larvae were also recorded in some winter samples (Fig. 1A) . The total biomass fluctuated from 0 to 167.4 mg m −2 ( Fig. 2A) . The commu- V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II 1986 1987 1988 1989 1990 1991 1992 Ind. nity consisted of five species where Athous niger and A. obscurus were the most abundant (Table 1) . These species represent 65.7 (A. niger) and 17.1% (A. obscurus) of all elaterid larvae found and their changes in abundance follow a similar trend to total abundance. Because both larval body length and head width show a considerable amount of variability, which prevents us from determining larval instars ( Fig. 3) , we rely on the determination of the stage of larval development and focus only on larval growth measured by larval length and biomass. Only small larvae of A. obscurus (up to 8 mm) were found in the field; during the period of cultivation the larvae were even smaller (up to 4 mm). Agriotes obscurus average mean larval biomass seems to be higher after abandonment but these differences are not statistically significant (ANOVA) (Fig. 4A ). In A. niger, the average mean larval biomass did not change between the periods when the field was cultivated and abandoned (t-test). The mean larval biomass in the third year of observation was significantly higher than in the last two years of observation; in other years, no significant differences were found (Fig. 4A) . Fallow I. The overall abundance fluctuated from 0 to 73.6 ind. m −2 , with an average 18.4±16.9 ind. m −2 (Fig. 1B) . The abundance of Elateridae was the lowest during the first year after abandonment, but during the second year of observation the abundance of Elateridae increased suddenly (Fig. 1B) . The highest annual average abundance was found in the last year of observation (Table 1 ). The seasonal changes of abundance on this plot did not show any consistent pattern during the study period (Fig. 1B) . The total biomass of Elateridae larvae fluctuated from 0 to 302.3 mg m −2 ; biomass values gradually increased with an increasing time from abandonment (Fig. 2B ). The community consists of five species (Table 1) . A. obscurus was highly dominant representing 90.1% of all larvae found and thus changes to A. obscurus abundance correspond with changes in total abundance of Elateridae described above. The average mean larval biomass of A. obscurus increased with time elapsed from abandonment in the range from 0.5 to 9.0 mg in 1987 and 1991, respectively (Fig. 4B) .
Fallow II. The abundance of Elateridae larvae fluctuated from 19.2 to 345.6 ind. m −2 with an average 179.1 ± 68.9 ind. m −2 , which was the highest value from all investigated plots (ANOVA, df 22, F = 46.8, P < 0.001, LSD test P < 0.054). Abundance decreased during the observation period (Fig. 1C, Table 1 ). The biomass of Elateridae larvae fluctuated from 343.4 to 2252.9 mg m −2 . Similarly to fallow I, the seasonal changes of abundance on this plot did not show any consistent pattern during the study period but the differences between individual seasonal aspects were the lowest from all plots (Fig. 1C ). The community of Elateridae larvae consists of four species, A. obscurus being the most dominant, representing 90.1% of all larvae found. The pattern of its abundance is similar to the pattern of total abundance described above. The mean larval biomass of A. obscurus increased with time during which the plot was not used as a mown meadow (Fig. 4C ).
Only two other species of elaterid larvae, i.e., Dalopius marginatus and Athous subfuscus, markedly influenced the overall abundance and biomass values on all plots. Their higher presence was ascertained in Fallow I and II (D. marginatus) and in Fallow II (A. subfuscus) only (Table 1, Fig. 1 ). While mainly small size larvae of D. marginatus (3-4 mm) had a relatively high mean abundance (Table 1, Fig. 1C ) but rather minor proprortion in overall biomass (Fig. 2C) , larger larvae of A. subfuscus showed a distinct rate in biomass in fallow II (Table 1, Fig. 2C ).
Correlation of community changes with environmental factors
The abundance of individual species and all Elateri-dae larvae correlated in time from the last tillage on a given plot, the average annual temperature in a given year, the average rainfall in a given year, the maximum amount of litter measured in the given year on given plots, the plant cover and moisture in observed individual sampling terms (Table 2) . A significant positive correlation was found on the field between the year of observation (r = 0.440; P < 0.05 and r = 0.433; P < 0.05), the time from tillage (r = 0.559; P < 0.01 and r = 0.519; P < 0.01) and the amount of litter (r = 0.467; P < 0.01 and r = 0.477; P < 0.01) with both total Elateridae abundance and abundance of Athous niger, respectively. In fallow I, no significant correlation between the investigated environmental parameters and the total abundance of Elateridae larvae was found. Athous subfuscus indicated a positive correlation with temperature (r = 0.365; P < 0.05). Dalopius marginatus display a significant positive correlation with the year of observation (r = 0.458; P < 0.05), the time from tillage (r = 0.464; P < 0.05), the current temperature (r = 0.458; P < 0.05) and soil moisture (r = 0.458; P < 0.05). In fallow II, the abundance of both all Elateridae larvae and A. obscurus displayed a significant negative correlation with the year of observation (r = −0.599; P < 0.01 and r = −0.627; P < 0.01), the time from tillage V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II 1986 1987 1988 1989 1990 1991 1992 V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II  V  VIII  XI  II 1986 1987 1988 1989 1990 1991 1992 mg m -2
Agriotes obscurus Athous niger Athous subfuscus Dalopius marginatus (r = −0.603; P < 0.01 and r = −0.632; P < 0.01) and the amount of litter (r = −0.565; P < 0.01 and r = −0.595; P < 0.01).
PCA was used to find the main trends in community changes on all study plots (Fig. 5) . The first and second ordination axes together explain 82.3% of species data variability, (69.5% 1 st axis and 12.8% 2 nd axis). The investigated sites are ordinate according to the first ordination axis according to the increasing suc-cession age (field -fallow I -meadow). The time since the last tillage, plant cover, soil moisture and amount of litter display a strong positive correlation with the first ordination axis (Fig. 5 ) (the correlation coefficients were: 0.86, 0.53, 0.58 and 0.57). The occurrence of A. obscurus correlated positively with all these environmental factors, the closest correlation can be found between A. obscurus and time from last tillage. Athous subfuscus and D. marginatus display similar trends as Frouz (1997) and Matějka (1992) .
A. obscurus. However, A. niger seems to be quite independent from position of the plot on the succession gradient as well as from environmental factors that correspond with the first ordination axis.
Discussion
In agreement with other authors (Lefko 1998; Parker 2000) , the results of this study indicated that field abandonment and formation of plant cover increased the abundance of Elateridae larvae in the abandoned field and thus enhanced the possibility of potential damage to agricultural crops. However, the abundance of Elateridae larvae in a regularly mown meadow (fallow II at the start of observation) was an order of magnitude higher than in fallow I (Table 1) , and thus the role of fallow as a reservoir of Elateridae is lower compared to managed meadows. Contrary to fallow I, the abandonment of termination of mowing fallow II plots resulted in a slight decrease in Elateridae abundance.
A total of six species of Elateridae larvae belonging to three trophic groups (Cherepanov 1965) : polyphagous A. obscurus; carnivorous and saprofagous A. niger, A. subfuscus, A. vittatus and carnivorous D. marginatus and A. murinus were recorded in the study plots.
Agriotes obscurus and Athous niger were the most abundant species in the plots, A. niger being most abundant in the field and A. obscurus in other plots. Vernon (1997 Vernon ( , 2001 found A. obscurus abundant in arable crops in British Columbia and Washington. However, Rusek (1967 Rusek ( , 1972 mentioned that Agriotes brevis Candéze, 1863 was a dominant species in arable land in the Czech Republic, where A. obscurus was less abundant. Masler (1982) mentioned A. brevis as a dominant species in arable land in Slovakia. Athous niger is often found in arable land but usually at low abundance (Rusek 1967 (Rusek , 1972 Strüeve-Kusenberg 1981) . The absence of another important elaterid pest species -Agriotes lineatus (L., 1767) in our samples and generally is in agreement with the lower occurrence of this species in arable land in the Czech Republic, (Rusek 1967) . This may be due to the lower pH values of fertilized fields. Parker & Howard (2001) reviewed that A. lineatus was found more commonly than A. obscurus in plots with a high pH in the U.K.
In agreement with other authors (Ghilyarov 1953; Cherepanov 1965 ) tillage seems to be the main factor limiting the abundance of both dominant species and consequently all Elateridae in arable land. Our results indicated that A. obscurus seems to be more sensitive to tillage than A. niger. The size of A. obscurus larvae found during the cultivation period corresponds to oneyear-old larvae (Ghilyarov 1953) . This finding together with the absence of A. obscurus larvae in the soil after autumnal cultivation may indicate that A. obscurus larvae are strongly reduced or even eliminated by autumnal cultivation and the field population is reestablished each year by new colonizers from surrounding habitats. The abundance of A. obscurus increased over time after field abandonment. The size of larvae also increased, the largest larvae recorded in fallow where they may be able to pupate (Ghilyarov 1953) . No significant correlation was found between the presence of dominant species and soil moisture or temperature. This seems to be a discrepancy with the findings that vertical migration and moulting of wireworms are strictly dependent on seasonal changes of soil moisture and temperature (reviewed in Parker & Howard 2001) . This could be caused by using data from a few years only and the fact that in these years massive vegetation changes occurred which can hide seasonal periodicity or inter-seasonal variation caused by moisture and temperature.
In contrast to A. obscurus, larvae of A. niger found in the field were heavier than the larvae of this species found in remaining two plots (Fig. 4) . The behavior of the related species Athous heamorhoidalis (F., 1801) that belongs to the same ecological group as well as Athous niger (polyphagous root eater and predator) was observed Hemerik et al. (2003) . They demonstrated a higher mobility of A. haemorhoidalis in comparison with A. obscurus and pointed out its cannibalism, which might explain a more diffuse distribution of this species in their experiments. Hence a higher mobility and predatory or cannibalism activities of A. niger larvae may be the cause of a higher portion of larger larvae in the field.
As mentioned above, the stopping of regular mowing of the fallow II plot resulted in a decrease in Elateridae abundance, which is caused by a decrease in the abundance of A. obscurus larvae. This decrease in A. obscurus abundance in the managed meadow after abandonment correlates with the increase in the amount of litter on the soil surface and is accompanied by an increase in biomass of individual larvae of this species. These observations can be explained by several alternative hypotheses. One option is an adverse effect of litter on A. obscurus oviposition. As the input of new larvae in the meadow decreased and the biomass of individual larvae increased, small young larvae became rare in the population and larger older larvae prevailed. Dense litter accumulation effects on oviposition may potentially affect oviposition success in several ways. A dense litter layer can make sites less attractive for females as an oviposition site as described by Frouz (1994 Frouz ( , 1997 for terrestrial chironomids. A dense litter layer may also cause a lower success of deposited eggs (e.g. desiccation of eggs or early emerged larvae may be more likely in eggs coated in litter layer than in those that are in contact with mineral soil). Hemerik et al. (2003) in their paper on grass root preference of wireworms revealed that A. obscurus preferred grass species from nutrient-rich grasslands such as Holcus lanatus (a dominant grass species in fallow II) and that the dispersal of this wireworm species is higher in an experiment with young plants. Thus a decrease in the abundance of A. obscurus young larvae could be explained due to higher competition in an unmown grass community which may result in a decrease in growth of young nutrient-rich roots as well. However, an alternative ex-planation such as increasing predator pressure cannot be excluded.
Repeated findings of only small D. marginatus larvae in fallow II indicate that there were optimal conditions for female egg laying. However, due to the lack of studies in ecology of this carnivorous species we cannot clearly explain the reason for the absence of later instars in our samples.
